Abstract-We demonstrate that common mid-point (CMP) stacking analysis for common virtual-source (CVS) crosscorrelation gathers of multi-channel and single-shot surface wave data give accurate phase-velocity curves, and enable us to reconstruct 2D Vs structures with high resolution. Data processing for CMP stacking analysis consists of the following four steps: First, cross-correlations are calculated for every pair of traces in the single-shot gather. Second, correlation traces having a common virtual-source are gathered. Third, dispersion measurements are implemented for each CVS gather with existing dispersion imaging methods, e.g., linear Radon transformation, phase-shift method. Finally, dispersion results of CVS cross-correlation gathers having a common mid-point are stacked to obtain an ultimate dispersion result at the CMP position. With CMP stacking analysis method, it is feasible to reconstruct high-resolution 2D Vs structure by inversing dispersion results at each CMP position. Numerical modelling example indicates the superiority of the new method in improving the accuracy and resolution of subsurface dispersion measurements, compared with conventional MASW method and CMPCC method.
I. INTRODUCTION
As a nondestructive method for obtaining S-wave velocity structures, the multichannel analysis of surface waves (MASW) method has been widely applied [1] [2] [3] . The MASW method utilizes a multichannel recording system to estimate nearsurface S-wave velocity from high-frequency Rayleigh waves. This technique consists of: (1) acquisition of multi-channel, wide band, high-frequency surface waves along a linear survey line by use of the roll-along mode; (2) creation of efficient and accurate algorithms organized in a straight-forward data processing sequence designed to extract and analyze 1D Rayleigh-wave dispersion curves [4] [5] ; and (3) development of stable and efficient inversion algorithms to obtain S-wave velocity profiles [6] . Finally, a pseudo-2D shear-velocity section can be constructed by aligning 1D models at the midpoint of each spread [7] .
Hayashi and Suzuki [8] develop CMP cross-correlation (CMPCC) analysis of surface waves, in which crosscorrelations with the same CMP are gathered [8] [9] . Because midpoints of all the cross-correlation pairs coincide with the CMP, local dispersion curves can be estimated with high horizontal resolution from CMP cross-correlation gathers. Note that, to extract high resolution dispersion curves by using CMPCC method, multichannel and multi-shot surface wave data must be provided. If we extract CMP cross-correlations from only one shot gather, the resolution is lower and other many cross-correlations that have different mid-point would be thrown away. For instance, as compared with ten pairs can be extracted from 5 traces, only two traces can be grouped as CMP cross-correlations.
With the increasing shortage of social resources, it is more and more restrictive to implement of multi-shot and roll-along mode survey in the complex and limited urban environment. When only single-shot surface wave data is available, however, it will be hard to extract high horizontal resolution dispersion curves for Vs profile mapping by using conventional MASW method and CMPCC method. The authors have developed following analysis method in order to solve this scientific and engineering problem. Fig.1 demonstrates schematic representation for data processing scheme of the multi-channel analysis of single-shot surface-waves(MASS). With only single-shot surface wave data isavailable, one phase velocity frequency image is converted through MASW method. Clear dispersive later phases can be observed and its apparent velocity changes suddenly at the middle of the spread in the x-t domain (Fig. 1a) . It indicates that a velocity structure changes laterally in the middle of the spread. Therefore, the phase-velocity curve in the f-v image splits into three curves in the frequency range between 30 and 55 Hz (Fig. 1b) . It is unsufficient to use one piece of the split dispersion curve to reconstruct 2D Vs structures.
II. CMP STACKING ANALYSIS
Based on the virtual-source strategy [10] , we proposed to turn the single-shot gather to multiple virtual-sources gathers by using cross-correlation [11] [12] . A longer receiver array might decrease the horizontal resolution of the survey, because the conventional MASW method provides a velocity model averaged over the total length of the array. A smaller array is better for increasing horizontal resolution. However, improved horizontal resolution is traded off against accuracy of phase velocity. We have developed CMP stacking analysis to over and reco der to evaluat -layer model w plied in the te fference meth ata (Fig. 1a) 
